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Abstract
We investigate stellar models in the presence of the cosmological constant Λ, based on two
density profiles, one of them attributed to Stewart and the other one to Durgapal and Bannerji,
proposed in the literature to model neutron stars. For them, a nonlocal equation of state with
cosmological constant is obtained as a consequence of the chosen metric. In another direction,
we obtain a solution for configurations with null radial pressure. The first model (based on
the Stewart’s density profile) turned out to be the most interesting, since surprisingly it admits
the presence of dark energy in the interior of the star, in the outermost layers, for a certain
range of mass-radius ratio γ. Still in this case, for other values of γ, all the energy conditions
are satisfied. Another advantage of this model over the others studied here is the existence of
intervals of γ compatible with physically acceptable models for Λ < 0, Λ = 0 and Λ > 0, which
also allowed us to analyze the influence of Λ on the behavior of the fluid with respect to the
energy conditions. The other two configurations (Durgapal-Bannerji profile and Pr = 0) only
allow solutions for Λ < 0, in order to ensure a positive mass for the star and to satisfy all the
energy conditions in a specific range of γ.
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I. INTRODUCTION
Based on the observational discovery of a recent phase of accelerated expansion of the
universe [1, 2], Einstein’s field equations modified by the introduction of a cosmological
constant gained a special place in the cosmological scenario, as they could justify a re-
pulsive gravitational effect, as long as it assumes positive values. The additional term
involving Λ can be interpreted from two points of view: i) Einstein’s original equations
would not be the best option to describe the theory of gravitation and the introduc-
tion of this extra term would correct them, changing the relationship between geometry
and matter-energy content; ii) the Universe would be permeated by an unknown energy
field and this would be represented by the extra term, which would compose the energy-
momentum tensor of the space-time to be described. In the latter case, the parameter Λ
could be closely associated with the enigmatic dark energy. Considering this last point
of view, although the cosmological constant is one of the most promising candidates for
dark energy, there is a major problem to be solved, which is to reconcile cosmological data
with the interpretation of particle physics, that is, Λ would represent a vacuum energy
(particle physics), where its scale of energy is enormously greater when compared to the
observed energy scale of dark energy (cosmology) [3]. However, this class of dark energy
is not unique. Besides of the dark energy as a modification of the gravitation at large
distances, there is another one unrelated to Λ, which is based on a specific form of mat-
ter, such as quintessence, k-essence, and the Chaplygin gas ([4] and references therein).
This last class could appear in the structure of a star for a special fluid. Anyway, it is
reasonable to question whether the presence of the cosmological constant, with possible
important consequences for cosmology, could in some way affect the configuration of a
stable or collapsing compact object.
Trying to answer this question, several authors have considered the cosmological con-
stant in Einstein’s equations. Markovic and Shapiro [5] and Gonc¸alves [6] have studied
a spherical homogeneous collapse of a dust cloud with a positive constant. Lake [7] have
extended the Markovic and Shapiro analyzes to inhomogeneous and degenerate cases.
Deshingkar et al. [8] have analyzed some dust solutions with positive, negative, and null
values of the cosmological constant. More recently, Bordbar et al. [9] have investigated
the role of Λ in the upper limit for the maximum mass of a neutron star.
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In the section that follows this introduction, we present the field equations for a static
spherically symmetric matter distribution with anisotropic pressure. Then, we obtain
a system of differential equations that directly imply a non-local equation of state for
the fluid, already pointed out by Herna´ndez and Nu´n˜ez [10], where we now include the
cosmological constant. We also presented the physical restrictions, such as the hydro-
static equilibrium, regularity, junction, and energy conditions. In the third section, we
applied the results for a particular density profile [11], while in the section IV we consider
other one [12]. We also considered the possibility of building models for which the radial
pressure is zero, in such a way that we would only have the tangential pressure and the
cosmological constant to support the star. The model with the Stewart’s profile proved
to be particularly interesting, since it admits a range of mass-radius ratio for the star,
where only the strong condition is violated, at its edge. In fact, this dark energy, kind a
quintessence [4], which is trapped in the edge of the star, exists even if Λ ≤ 0, although
Λ has an important influence on the models, what is also discussed. Finally, in the fifth
and last section, the main results are summarized and compared with other results in the
literature.
II. FIELD EQUATIONS FOR THE INTERIOR SPACETIME
The general metric for a spherically symmetric spacetime can be written as
ds2− = gαβdχ
αdχβ
= −e2ν(r)dt2 + e2λ(r)dr2 + r2 [dθ2 + sen2(θ)dφ2] . (1)
Many authors have pointed out that the anisotropy can plays a important role on the
physical, affecting the critical mass, the stability, and the redshift of stars [13]-[17]. For
a spherical distribution of anisotropic fluid at pressures, the momentum energy tensor is
given by
(Tαβ )
− =

−ρ 0 0 0
0 Pr 0 0
0 0 P⊥ 0
0 0 0 P⊥
 . (2)
3
If we consider the cosmological constant, the Einstein’s equations are given by
Gαβ + Λδ
α
β = R
α
β −
Rδαβ
2
+ Λδαβ = 8piT
α
β , (3)
with G = c = 1.
Thus, the nonzero components of the Einstein tensor can be written as
− 1
r2
+
e−2λ
r
(
1
r
− 2λ′
)
+ Λ = −8piρ , (4)
− 1
r2
+
e−2λ
r
(
1
r
+ 2ν ′
)
+ Λ = 8piPr , (5)
e−2λ
[
ν ′
r
− λ
′
r
+ ν ′′ − ν ′λ′ + (ν ′)2
]
+ Λ = 8piP⊥ , (6)
where prime denotes differentiation with respect to the coordinate r.
From (4), we obtain
e−2λ = 1− 2m(r)
r
− Λr
2
3
, (7)
where we define m(r) as
m(r) = 4pi
∫ r
0
ρ(r)r2dr . (8)
A. Hydrostatic equilibrium equation
Next, we obtain the hydrostatic equilibrium equation for anisotropic fluids with cos-
mological constant, analogous to TOV, already presented in [9] for isotropic fluids. For
this, taking the derivative of (5) and combining the result with (5) and (6), we get
8piP ′r =
2
r
[8pi(P⊥ − Pr)]− 2e
−2λ
r
[
λ′ν ′ + (ν ′)2
]
. (9)
So, by combining (4), (5), (7), and (9), we obtain the Tolman-Oppenheimer-Volkoff
(TOV) equation for anisotropic fluids with cosmological constant, that is,
P ′r = −(ρ+ Pr)
[
12pir3Pr + 3m− Λr3
r (3r − 6m− Λr3)
]
+
2
r
(P⊥ − Pr) . (10)
B. Solutions with a nonlocal state equation
Let us redefine the two functions µ and ν as done by [10] as
e2ν = h(r)e4β(r) , (11)
4
e2λ =
1
h(r)
, (12)
with
h(r) ≡ 1− 2m(r)
r
− Λr
2
3
(13)
and then, rewrite the metric (1) as
ds2− = −h(r)e4β(r)dt2 +
1
h(r)
dr2 + r2
[
dθ2 + sen2(θ)dφ2
]
. (14)
Herna´ndez, Nu´n˜ez, and Percoco [18] showed that the metric above, but dependent on
the time, naturally satisfies a non local equation of state. The same is verified in the
static limit. This equation of state can be modified by adding a term with a cosmological
constant, that is
Pr(r) = ρ(r)− 2
r3
∫ r
0
r2ρ(r)dr +
a
2pir3
+
Λ
6pi
, (15)
where a is an arbitrary constant.
Einstein tensor components for the metric (14) can be expressed as
h+ h′r − 1
r2
+ Λ = −8piρ , (16)
h+ h′r − 1
r2
+
4hβ′
r
+ Λ = 8piPr , (17)
h′ + 2hβ′
r
+
1
2
[
h′′ + 4hβ′′ + 6h′β′ + 8h(β′)2
]
+ Λ = 8piP⊥ . (18)
Differentiating (15) with respect to r, we obtain
P ′r = ρ
′ +
6
r4
∫ r
0
r2ρ(r)dr − 2ρ
r
− 3a
2pir4
. (19)
From equation (15), we have
6
r4
∫ r
0
r2ρ(r)dr =
3ρ
r
− 3Pr
r
+
3a
2pir4
+
Λ
2pir
. (20)
Considering (19), we can rewrite (20) in term of derivatives as
ρ− 3Pr + r(ρ′ − P ′r) = −
Λ
2pi
, (21)
Differentiating (16) and (17) with respect to r, and substituting them into (21), we get
the same expression obtained by [10], then, the same solution for β(r), that is,
β(r) =
1
2
ln
(
ξ
h
)
+
∫
a0
r2h
+ a1 , (22)
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being ξ, a0 and a1 arbitrary constants and, without lost of generality, we can adopt a1 = 0.
First, using (13) in (16), we get
8piρ =
2m′
r2
. (23)
Substituting (13) into (22), and considering (23), we find
β(r) =
1
2
ln
(
ξ
1− 2m(r)
r
− Λr2
3
)
+
∫
a0
r2
(
1− 2m(r)
r
− Λr2
3
) . (24)
Following, inserting (13) and (24) into (17), we have
8piPr =
2m′
r2
+
4Λ
3
+
4(a0 −m)
r3
. (25)
Finally, using (23) in (25), we get
m(r) = a0 + 2pir
3
(
ρ− Pr + Λ
3
)
. (26)
Thus, for limr→0m(r) = 0, we must have a0 = 0. So we can denote β as
β =
1
2
ln
(
ξ
h
)
. (27)
Therefore, substituting (27) into (14), we arrive in the same metric proposed in [10],
that is,
ds2− = g
−
αβdχ
α
−dχ
β
−
= − ξ
2
h(r)
dt2 +
1
h(r)
dr2 + r2dθ2 + r2 sin2(θ)dφ2 , (28)
and the index “−” refers to the metric that describes the space-time fulfilled by the
matter.
C. Junction conditions
As we are considering solutions with cosmological constant Λ, the exterior of the star
should be described by the Schwarzschild-De Sitter metric, that is
ds2+ = g
+
αβdχ
α
+dχ
β
+
= −
(
1− 2M
r
− Λr
2
3
)
dt2 +
(
1− 2M
r
− Λr
2
3
)−1
dr2 + r2dΩ2 , (29)
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where dΩ2 = dθ2 + sin2(θ)dφ2.
The interior spacetime is described by the metric (28). The two regions are separated
by a hypersurface, here called Σ. The metric for this region can be written as
ds2Σ = gijdς
idςj
= −dτ 2 +R2(τ)(dθ2 + sin2(θ)dφ2) . (30)
with ς i = (ς1, ς2, ς3) = (τ, θ, φ).
On the hypersurface Σ, the metrics must match, that is,
(ds2−)Σ = (ds
2)Σ = (ds
2
+)Σ . (31)
Imposing that
ξ = 1− 2M
R
− ΛR
2
3
, (32)
with rΣ = R.
Based on (31), equations (28), (29) and (30) provide
ξ2
h(R)
dt2 = dτ 2 =
(
1− 2M
R
− ΛR
2
3
)
dt2 , (33)
where r = R at the hypersurface Σ.
Thus, from (32) and (33), we get
h(R) = 1− 2M
R
− ΛR
2
3
, (34)(
dt
dτ
)2
Σ
=
(
1− 2M
R
− ΛR
2
3
)−1
. (35)
The extrinsic curvature to the hypersurface Σ is given by
K±ij = −η±α
∂2χα±
∂ς i∂ςj
− η±αΓαβγ
∂χβ±
∂ς i
∂χγ±
∂ςj
. (36)
The continuity of the second fundamental form shows us that
K−ij |Σ = K+ij |Σ . (37)
The unitary normal vectors to the hypersurface are given by
η−α =
1√
h(r)
(0, 1, 0, 0) , (38)
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η+α =
√
1− 2M
r
− Λr
2
3
(0, 1, 0, 0) . (39)
The continuity of the component K11 of the extrinsic curvature furnishes
h′(R) = 2
(
ΛR
3
− M
R2
)
, (40)
where the continuity of the other components is identically satisfied.
Considering the metric (28), the Einstein’s field equations are given by
8piρ(r) =
1− h− rh′
r2
− Λ , (41)
8piPr(r) =
h− rh′ − 1
r2
+ Λ , (42)
8piP⊥(r) =
(h′)2 − hh′′
2h
+ Λ . (43)
Now, taking (41) and (42) on the hypersurface Σ and considering (34) and (40), we
obtain
Pr(R) = 0 (44)
and
ρ(R) =
ΛR2 + 6γ
12pi
. (45)
where γ = M/R.
D. Energy conditions
For a solution of the field equations that represents a compact object to be physically
reasonable, in addition to satisfying the conditions of regularity and junction with an
outer spacetime, it must also satisfy the energy conditions. These are given by [19]
ρ ≥ 0 , ρ+ Pr ≥ 0 , ρ+ P⊥ ≥ 0 , ρ− Pr ≥ 0 , ρ− P⊥ ≥ 0 ,
ρ+ Pr + 2P⊥ − Λ
4pi
≥ 0 . (46)
In the following, we consider some particular cases as possible stellar models.
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III. A DARK ENERGY STAR MODEL
The Stewart’s density profile [11], which includes the Florides’ solution [20] as a partic-
ular case when the radial pressure is zero, was revisited by Grokhroo and Mehra [21], H.
Herna´ndez and L. A. Nu´n˜ez [10] and by some of us in a previous paper on gravitational
collapse [22]. It is known that this density profile can give rise to an equation of state
similar to the Bethe–Bo¨rner–Sato [23] Newtonian equation of state for nuclear matter [24]
and references therein. The Stewart’s profile can be written as
ρ(r) =
σ
8pi
(
1− Kr
2
R2
)
. (47)
From equation (41), we have
h(r) = 1− (Λ + σ) r
2
3
+
σKr4
5R2
, (48)
and then, (42) and (43) can be put respectively in the forms
Pr(r) =
5σR2 − 9Kσr2 + 20ΛR2
120piR2
, (49)
P⊥(r) =
A0(r)
120piR2 (3Kσr4 − 5R2(Λ + σ)r2 + 15R2) . (50)
where A0(r) = 18K
2σ2r6 + 15KR2σ(2Λ− σ)r4 + 25R4r2(σ2−Λσ− 2Λ2)− 270KR2σr2 +
75R4(σ + 4Λ).
In the center of the star we have isotropic pressures, as can be seen below,
Pr(0) = P⊥(0) =
σ + 4Λ
24pi
. (51)
The junction condition (44) couples the parameter σ with the cosmological constant,
that is
σ =
20Λ
9K − 5 , (52)
since K 6= 5/9.
Considering (48) at r = R and comparing with (34), we get
K =
5
3
(
2ΛR2 + 3γ
2ΛR2 + 9γ
)
, (53)
Substituting (53) into (52), we find
σ =
2ΛR2 + 9γ
R2
, (54)
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which allows us to write
ρ(δ) =
27γ − 15δ2γ + 2ΛR2(3− 5δ2)
24piR2
, (55)
Pr(δ) =
3γ − 3δ2γ + 2ΛR2(1− δ2)
8piR2
, (56)
P⊥(δ) =
A1(δ)
24piR2 [ΛR2δ2(2δ − 3) + 3δ4γ − 9δ2γ + 3] , (57)
where A1(δ) = 8Λ
2R4δ6 + 3ΛR2 [γδ2(8δ4 − 6δ2 + 9) + 6(1− 2δ2)] + 9γ2δ2(2δ4− 3δ2 + 3) +
27γ(1− 2δ2).
A. Analysis for ΛR2 = −0.1
From figure (1), we see that there is a lower limit for the mass-radio ratio, that is
γ > 0.0222. By figures (2a) and (2b), we have γ > 0.0333. In addition, from figure (3b),
we see that that 0.0101 < γ < 0.4420. Lastly, figure (4) shows us that γ > 0.0333. Thus,
the interval for γ where all the energy conditions are satisfied is given by
0.0333 < γ < 0.4420 . (58)
This model does not allow dark energy inside the star, since there are no ranges for γ
in which only the strong energy condition is violated.
FIG. 1: ρR2
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FIG. 2: Null energy conditions: (ρ+ Pr)R
2 and (ρ+ P⊥)R2
(a) (b)
FIG. 3: (ρ− Pr)R2 and (ρ− P⊥)R2
(a) (b)
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FIG. 4: (ρ+ Pr + 2P⊥ − Λ/4pi)R2
B. Analysis for Λ = 0
By the figure (7b) we must imposes that γ < 0.4375. On the other hand, from (8), we
get that γ > 0.2500. Therefore, we can express the interval where there is a violation of
all energy conditions as
0.2500 < γ < 0.4375 . (59)
It is also possible to determine a range of γ in which only the condition of strong energy
is violated, featuring the presence of dark energy, that is,
0 < γ < 0.2500 . (60)
In the figure (8), we can see that the dark energy, when is present, appears in the
outermost layers.
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FIG. 5: ρ
FIG. 6: (ρ+ Pr)R
2 and (ρ+ P⊥)R2
(a) (b)
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FIG. 7: (ρ− Pr)R2 and (ρ− P⊥)R2
(a) (b)
FIG. 8: (ρ+ Pr + 2P⊥ − Λ/4pi)R2
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C. Analysis for ΛR2 = 0.1
Figures (9), (10a), and (11a) show that γ > 0.0333. Figure (10b) reveals that 0.2133 <
γ < 0.4833. From figure (11b), we get γ < 0.4320 or γ > 0.4833. Finally, figure (12)
imposes 0.3461 < γ < 0.4833. So, all the energy conditions are satisfied for the following
interval
0.3461 < γ < 0.4320 . (61)
As figure (12) is associated to the strong energy condition, we can express the interval
where only it is violated as
0.2133 < γ < 0.3461 . (62)
FIG. 9: ρR2
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FIG. 10: Null energy conditions: (ρ+ Pr)R
2 and (ρ+ P⊥)R2
(a) (b)
FIG. 11: (ρ− Pr)R2 and (ρ− P⊥)R2
(a) (b)
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FIG. 12: (ρ+ Pr + 2P⊥ − Λ/4pi)R2
In the previous subsections, we presented a detailed analysis only for the cases ΛR2 =
−0.1, ΛR2 = 0, and ΛR2 = 0.1, but a more complete set of values of ΛR2 is shown in the
table below. There, we separated the range for γ where all energy conditions are satisfied
and that only the strong energy condition is violated. This last one means that there is
dark energy trapped inside the star.
From table below, we can see that stars with dark energy are favored for lower mass-
radius ratios. For Λ ≥ 0, the higher the Λ, the smaller the γ range where we find models
that satisfy all energy conditions or that admit dark energy in the stellar interior, and
greater is the lower limit for γ. This could be interpreted as if the repulsion due to the
positive Λ demands a greater mass-radius ratio to balance the configuration. On the other
hand, for Λ < 0, the greater the absolute value of Λ, the greater the γ interval that satisfies
all energy conditions, while the γ interval that allows dark energy is narrowed, showing
that negative Λ disfavors the presence of dark energy, as expected. In all cases, it is
curious that the dark energy appears concentrated at the edge of the star. Considering the
hypothesis that the cosmological constant Λ in fact is the responsible for the accelerated
expansion of the universe, and taking its value from the cosmological observations (Λ ≈
10−52m−2), we can conclude that it does not interfere significantly in the structure of a
compact object, at least for the model studied here. Taking the radius of a typical neutron
17
star, between 10 and 15 kilometers, the smallest value of ΛR2 that affects the γ intervals in
the table below, ie ΛR2 = 10−8, would correspond to Λ = 10−16m−2. A similar conclusion
was reached by [9], although they have considered a completely different model. In their
work, it was obtained a equation of state through numerical computation for a many-
body system. They concluded that the influence of a positive cosmological constant, on
the maximum mass for the neutron star, is considerable only for Λ > 10−14m−2 and the
maximum mass grows as Λ increases.
ΛR2 All energy conditions are satisfied Stars with dark energy
−10−1 0.03333333 < γ < 0.44202868 −−−−−−−−−−−
−10−2
0.00333333 < γ < 0.04091633
0.04091633 < γ < 0.22491701
0.22491701 < γ < 0.43800070
−10−4
0.00003333 < γ < 0.00036699
0.00036699 < γ < 0.24979135
0.24979135 < γ < 0.43750658
0 0.25000000 < γ < 0.43750000 0 < γ < 0.25000000
10−8 0.25000002 < γ < 0.43750000 0.00000003 < γ < 0.25000002
10−6 0.25000208 < γ < 0.43749995 0.00000333 < γ < 0.25000208
10−4 0.25020801 < γ < 0.43749494 0.00033315 < γ < 0.25020801
10−2 0.26820932 < γ < 0.43698881 0.03161905 < γ < 0.26820932
10−1 0.34609364 < γ < 0.43192038 0.21333333 < γ < 0.34609364
IV. OTHER SOLUTIONS WITHOUT DARK ENERGY
A. The Durgapal-Bannerji density profile
This profile was proposed by Durgapal and Bannerji, here called as the Durgapal-
Bannerji density profile, in order to construct an analytical isotropic neutron star model
[12]. It is written as
ρ(r) =
3
16pi
C(3 + Cr2)
(1 + CR2)2
. (63)
It was considered in many later works, in different contexts, among which we can
mention [25] and [26].
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Performing the same procedure as in the previous section, we determined
h(r) = 1− Λr
2
3
− 3Cr
2(Cr2 + 5)
10(CR2 + 1)2
, (64)
Pr(r) =
Λ
6pi
+
3C(3Cr2 + 5)
80pi(CR2 + 1)2
, (65)
P⊥(r) =
B0(r)
2400pi(CR2 + 1)2B1(r)
, (66)
where
B0(r) = 200Λ
2r2(CR2 + 1)4 − 180Λr4C2(CR2 + 1)2
+ 450Λr2C(CR2 + 1)2 − 1200Λ(CR2 + 1)4 − 1350C(CR2 + 1)2
− 81C2r2 (2C2r4 + 5Cr2 + 45) ,
B1(r) = (10Λr
2 − 30)(CR2 + 1)2 + 9Cr2(Cr2 + 5) .
We have isotropic pressures in the center of the star, and taking Pr on the hypersurface
and applying the conditions given by (44), we find
Λ = −9C(3CR
2 + 5)
40(CR2 + 1)2
. (67)
Thus, substituting (67) in (64), and taking r = R, we have
h−(R) = 1− 3CR
2(CR2 + 15)
40(CR2 + 1)2
. (68)
On the other hand, considering the exterior metric, we get
h+(R) = 1− 2γ + 3CR
2(3CR2 + 5)
40(CR2 + 1)2
. (69)
Imposing the continuity of the metric h− = h+ on the hypersurface Σ, it is possible to
determine the parameter C, that is,
C1 =
15− 40γ + i√960γ − 225
2(20γ − 3)R2 , (70)
C2 =
15− 40γ − i√960γ − 225
2(20γ − 3)R2 . (71)
Since C must be real, we must impose that
0 ≤ γ ≤ 15
64
. (72)
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FIG. 13: C1R
2 e C2R
2
(a) (b)
In order to obtain the possible range for C1, we have to use (72) in (70). So,
0 ≤ C1R2 ≤ 5
3
, (73)
implying in a negative cosmological constant given by
− 135
256
≤ Λ1R2 ≤ 0 . (74)
By (72), (73) and (74) ranges, all energy conditions are fulfilled in the whole star.
Thus, there is no possibility of dark energy in the star.
For C2, considering (72) and figure (13b), and knowing that ρ > 0, we can find
3
20
< γ2 ≤ 15
64
. (75)
Using (75) in (71), we get
5
3
≤ C2R2 <∞ , (76)
where the highest value of γ2 give us the lowest one for C2R
2, and vice versa.
Using (76) in (67), we have
− 27
40
≤ Λ2R2 ≤ −135
256
. (77)
In this case, in order that the energy conditions are fulfilled, the ranges (75), (76), and
(77) get narrower, that is,
5
24
< γ2 ≤ 15
64
, (78)
20
53
≤ C2R2 ≤ 5 , (79)
− 5
8
≤ Λ2R2 ≤ −135
256
, (80)
where any value with C2R
2 > 5 implies that ρ + P⊥ < 0 and ρ + Pr + 2P⊥ − Λ/4pi < 0.
So, weak and strong energy conditions are simultaneously violated, implying that we do
not have dark energy inside the star.
As the cosmological constant is negative, this model does not fit to the experimental
data, which shows us a positive value for this constant.
B. Null radial pressure
Our propose is to verify if it is possible a model without radial pressure of the matter,
sustained only by a tangential pressure, with the cosmological constant.
Imposing that the junction, energy and regularity conditions are satisfied, we find
h(r) = 1− 3γδ
2
2R2
, (81)
ρ(r) =
3γ
4piR2
, (82)
P⊥(r) =
9γ2δ2
8piR2(2− 3γδ2) , (83)
with
Λ = − 3γ
2R2
, (84)
where γ = M/R and δ = r/R. From (83), we can see that the isotropy in the pressures
is assure in the center, as expected.
It is easy to see that all the energy conditions are simultaneously satisfied, for every
radius inside the source, in the limit
0 ≤ γ ≤ 4
9
, (85)
coinciding with the Buchdahl limit [27]. However, in that case, there is also a constant
energy density, but pressures are isotropic and upper limit of γ corresponds to an infinity
pressure, which ensures the stability of the star. The superior limit for γ in (85) is imposed
by the dominant energy condition (ρ− P⊥ ≥ 0).
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V. CONCLUSION
Here we start from a static spherically symmetric matter distribution with anisotropic
pressure, in the context of the modified Einstein’s field equation by the inclusion of a
cosmological constant. Then, we can see that the differential equations imply directly a
non-local equation of state for the fluid, already pointed out by Herna´ndez and Nu´n˜ez [10],
but now with the cosmological constant. We considered all usual physical restrictions,
such as the hydrostatic equilibrium, regularity, junction, and energy conditions. Then, we
applied the results for two particular density profiles, which are called Stewart’s profile
[11] and Durgapal-Bannerji profile [12]. We also considered the possibility of building
models for which the radial pressure is zero. The model with the Stewart’s profile proved
to be particularly interesting, since, in addition to satisfying all the energy conditions
for a certain range of the mass-radius ratio, it admits another range of mass-radius ratio
where only the strong energy condition is violated in the outermost layers, even for Λ ≤ 0.
The dependence of these ranges with the cosmological constant is discussed, as following.
Stars with dark energy are favored for lower mass-radius ratios. For Λ ≥ 0, the higher
the Λ, the smaller the γ range where we find models that satisfy all energy conditions or
that admit dark energy in the stellar interior, and greater is the lower limit for γ. This
could be interpreted as if the repulsion due to the positive Λ demands a greater mass-
radius ratio to balance the configuration. For Λ < 0, the greater the absolute value of
Λ, the greater the γ interval that satisfies all energy conditions, while the γ interval that
allows dark energy is narrowed, showing that negative Λ disfavors the presence of dark
energy, as expected. In all cases, it is curious that the dark energy appears concentrated
at the edge of the star.
Unfortunately, for both configurations, that one based on the Durgapal-Bannerji profile
and that which supposes a Pr = 0, the cosmological constant must be negative, implying
that these models does not fit to the experimental data, which suggests a positive value
for this constant in order to be responsible by the accelerated expansion of the Universe.
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